Introduction
In breast cancer, the ER signaling pathway plays a critical role in cancer development and progression. ER expression is associated with the growth of breast tumors, and the lack of ER expression often indicates more aggressive phenotypes. 1, 2 In recent years, increasing numbers of proteins have been proven to be related to the ER signaling pathway. Some of the most important are TRX, AR, and cyclin D1.
TRX was first identified in Escherichia coli as a dithiol hydrogen donor for ribonucleotide reductase and acts as a key molecule in protein redox regulation in cooperation with TRX reductase and nicotinamide adenine dinucleotide phosphate (NADPH). 3, 4 TRX influences tumor proliferation and progression by activating transcription factors such as AP-1, NF-kB, and p53 by redox regulation and by regulating the cell cycle via the ERK1/2-cyclin D1 pathway. [5] [6] [7] [8] Recently, TRX was revealed to enhance the transcription activity of submit your manuscript | www.dovepress.com
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huang et al ER and influence ERα-mediated gene expression. 9, 10 Although increasing numbers of studies have attempted to investigate the mechanism of TRX's influence on breast cancer development, in vivo studies on tissue samples analyzing its prognostic value in patients' clinicopathological features and prognostic factors, such as ER, PR, and HER2, are still scarce.
Although ERα plays an important role in breast cancer, AR is the most commonly expressed hormone receptor in both invasive and metastatic breast cancers. It was reported that more than 90% of primary breast tumors express AR. 11 Immunohistochemical studies demonstrated that AR expression varies among different breast cancer subtypes. [11] [12] [13] AR and ERα were shown to crosstalk with each other. In the presence of E 2 , AR can interact with ERαLBD and inhibit the transcriptional activity of both receptors.
14 AR seems to be associated with favorable clinicopathological features and a prognostic factor for better outcome in ERα-positive breast cancers. However, its prognostic value in triple-negative breast cancers remains controversial. [15] [16] [17] [18] Cyclin D1 is known to be a key mediator of cell-cycle progression by binding with CDK4/6 and inactivating the Rb protein. Cyclin D1 is encoded by CCND1 and is overexpressed in ~50% of breast cancer specimens. 19 It can rescue growth factor-deprived and antiestrogen-arrested cells from G 1 to complete the cell cycle. 20 Several studies have shown that overexpressed cyclin D1 in breast cancer patients can bind directly to the ERs and propagate the downstream effects of estrogen in a CDK-independent and Rb-independent manner. 21 Although evidence has shown that cyclin D1 is a good prognostic factor in ERα-positive breast cancers, its role in response to antiestrogen treatment seems to be inversed, leading to conflicting results regarding its role in pathogenesis and prognosis. 22 It is evident that the roles of TRX, AR, and cyclin D1 in breast cancer are still inconsistent and controversial. Moreover, relevant studies based on Chinese patients are scarce. In the current study, we investigated the relationship between the expression of these three proteins and well-known prognostic factors, including clinicopathological details and the status of ER, PR, and HER2 in Chinese patients.
Patients and methods
Patient cohort
Between January 2012 and December 2013, we retrospectively enrolled all consecutive female breast cancer patients with a histologically confirmed diagnosis of invasive ductal adenocarcinoma by operation or biopsy treated at Wuxi People's Hospital, Nanjing Medical University (n=101).
Patients who had received neoadjuvant chemotherapy or other anticancer treatments before operation or biopsy were excluded from the study. The patients' demographics and clinical characteristics, including age, menopausal status, maximal tumor size, histological differentiation, tumor-nodemetastasis (TNM) classification according to the seventh edition Union for International Cancer Control (UICC) cancer staging systems, and lymph node metastasis, were collected. The status of ER and PR was evaluated by immunohistochemistry (IHC), which was performed by the pathology department of our hospital. Nuclear staining of no less than 10% was determined to represent ER and PR positivity. The expression of HER2 was scored for the intensity and the percentage of cell membrane staining (-, no staining; +, weak partial staining in more than 10% tumor cells; ++, moderately complete staining in more than 10% tumor cells; +++, strong complete staining in more than 10% of tumor cells).
23 HER2 (+++) was defined as positive, while both HER2 (-) and HER2 (+) were described as negative. HER2 (++) was additionally assessed by fluorescence in situ hybridization. 24 Subtypes of breast cancer (luminal A, luminal B, HER2 overexpression, and basal-like) were defined by ER, PR, Ki67, and HER2 status according to the 2013 St Gallen International Expert Consensus. 25 This study was approved by the Ethics Committee of Wuxi People's Hospital, Nanjing Medical University, and each patient has signed a consent statement.
ihc
Consecutive 4 um thick formalin-fixed paraffin-embedded sections were prepared for each specimen. Tissue sections stained with hematoxylin-eosin were histologically evaluated for the verification of the diagnosis and eligibility for IHC analysis.
The sections were heated in a 60°C incubator for 2 hours, deparaffinized in xylene, hydrated through an alcohol series with a decreasing concentration gradient, and washed with phosphate-buffered saline (PBS) solution (pH =7.4) three times. Then, the sections were heated with 10 mM citric acid buffer (pH =6.0) for 5 minutes to retrieve the antigen. When the temperature decreased to room temperature, the sections were washed with PBS three times and immersed in 3% H 2 O 2 for 10 minutes to block endogenous peroxidase. To avoid nonspecific binding, 10% goat serum was added for 10 minutes. Then, anti-TRX rabbit monoclonal antibody (ab133524, 1:1,000; Abcam, Inc., Cambridge, UK), anti-AR rabbit monoclonal antibody (#5153,1:400, Life Signaling Technology, Inc.), and anti-cyclin D1 rabbit monoclonal antibody (#2978, 1:50, Life Signaling Technology, Inc.) were used as the primary antibodies for incubation at 4°C overnight for staining.
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TrX, ar, and cyclin D1 in breast cancer Then, the sections were washed with PBS three times and incubated with the secondary antibody (Dako Real Envision HRP K5007; Dako Denmark A/S, Glostrup, Denmark) for 30 minutes at room temperature according to the manufacturer's protocol. Next, 3,3′-diaminobenzidine (Dako Real DAB + Chromogen, K5007) was applied for approximately 2 minutes and removed by rinsing with distilled water. Slides were counterstained with hematoxylin.
evaluation
Hematoxylin-eosin and IHC slides were independently evaluated and scored by two pathologists who were blinded to the patients' clinical data. Discordant cases were assessed by a third pathologist and a consensus was reached. Expression levels of the three proteins were described as follows: no 10% cytoplasmic and/or nuclear tumor cell expression with a moderate to strong intensity of staining was considered TRX-positive; 26 sections were interpreted as AR-positive when 10% of tumor cell nuclei stained positive; 18 cyclin D1 expression was considered positive when at least 10% of tumor cells showed nuclear expression of the marker with a moderate to strong intensity of staining. 27 
statistical analyses
The χ 2 test or Fisher's exact test was used for the analysis of the relationship between the various categories of clinicopathological characteristics and the expression of TRX, AR, and cyclin D1, respectively. Analyses were performed using the Statistical Package for the Social Sciences, SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA). A P-value 0.05 was considered to indicate a statistically significant difference.
Results
clinical characteristics
A total of 101 patients with a mean age of 56.2 years (range from 30 to 85 years) were included in the study. Of all these patients, 38 (37.6%) patients were premenopausal and 63 (62.4%) patients were postmenopausal. There were 32 (31.7%) patients with a pathologically confirmed maximum tumor size of 2 cm, while 69 (68.3%) patients had a tumor 2 cm or larger. According to the seventh edition of the UICC cancer staging systems grouping criteria, 86 (85.1%) patients were stage I-II and 15 (14.9%) patients were stage III-IV. Most of the patients (76, 75.2%) had no metastatic lymph nodes. The number of patients with one to three, and no fewer than four metastatic lymph nodes were 13 (12.9%) and 12 (11.9%), respectively. Among these cases, 76 patients (75.2%) were ER-positive; 72 (71.3%) patients were PR-positive; and 20 patients (19.8%) were HER2-positive. Regarding breast cancer subtypes, 35 (34.7%) patients were luminal A; 49 (48.5%) patients were luminal B; eight (7.9%) patients were HER2 overexpressing, and nine (8.9%) patients were basal-like.
TrX expression
Of 101 cases, 76 patients (75.2%) were TRX-positive. IHC results showing patients with TRX-positive and TRXnegative expression are presented in Figure 1A and B. There was no relationship between TRX expression and age, menopausal status, tumor size, histological differentiation, TNM stage, or metastatic lymph nodes (Table 1) . However, TRX expression was positively correlated with ER and PR (P0.0001, respectively). Among 25 TRX-negative patients (24.8%, Figure 1A ), only one (4%) patient was ER-positive, and the vast majority of patients (n=24, 96%) were ER-negative. In 76 TRX-positive patients, 75 patients (98.7%) were positive for ER expression. Similar situations were found between TRX and PR expression. Namely, 20/25 (80%) TRX-negative patients were PR-negative, and 67/76 (88.2%) TRX-positive patients were PR-positive. Regarding 
ar expression
Eighty-nine (88.12%) of the 101 patients were AR-positive and 12 (11.88%) patients were AR-negative ( Figure 1C, D) . Although AR expression was not correlated with age, menopausal status, tumor size, or histological differentiation, it was related to TNM stage and metastatic lymph nodes (Table 2) . Of the 89 AR-positive patients, 79 (88.8%) of them had relatively earlier I-II tumor stage (P=0.005). In addition, among these AR-positive patients, most had no metastatic lymph nodes (n=70, 78.7%). Only 12 patients (13.5%) had one to three metastatic lymph nodes and seven patients (7.9%) had more than four metastatic lymph nodes (P=0.008).
AR expression was positively correlated with ER and PR expression (P0.0001, respectively). Among 12 ARnegative patients, eleven patients (91.67%) were ER-negative and nine patients (75%) were PR-negative. Of all the ARpositive patients, 75 patients (84.27%) were ER-positive and 69 patients (77.53%) were PR-positive. There was no relationship between AR expression and HER2 expression (P=0.117). In breast cancer subtypes, all luminal A and HER2-overexpressing patients and most luminal B patients (43/49, 87.76%) were AR-positive. Additionally, five of the eight basal-like patients were AR-negative (P0.0001).
cyclin D1 expression
Most of the breast cancer patients were cyclin D1-positive (n=80, 79.21%). The results are shown in Figure 1E and F. Similar to AR expression, cyclin D1 expression was not correlated with age, menopausal status, tumor size, or histological differentiation (P0.05, Table 3 ). Positive cyclin D1 expression was more common in earlier tumor stages (P=0.047). Of the cyclin D1-negative patients, most (12/21, 57.14%) had no metastatic lymph nodes. However, in cyclin D1-positive patients, the majority of patients (45/80, 56.25%) had one to three metastatic lymph nodes (P=0.005).
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TrX, ar, and cyclin D1 in breast cancer Approximately 68 (85%) and 63 (78.75%) of all the cyclin D1-positive patients were ER-and PR-positive, respectively (P0.0001 and P=0.001, respectively). Most luminal A (n=28, 90.32%), luminal B (n=41, 83.67%), and HER2-overexpressing patients (n=5, 62.50%) were cyclin D1-positive, while more basal-like patients (n=6, 75%) were cyclin D1-negative (P=0.001).
Discussion
Breast cancer is the most common cancer diagnosed in women, and breast tumors are extremely heterogeneous in the gene expression levels between individuals. 28 The ER signaling pathway plays a pivotal role in breast carcinoma development and progression. Understanding its related proteins, such as TRX, AR, and cyclin D1, provides a new way to distinguish clinical behavior and predict prognosis in patients with morphologically similar tumors. In the present study, we investigated the association between the expression status of TRX, AR, and cyclin D1 and Chinese patients' clinicopathologic data, which included age, menopausal status, maximum tumor size, histological differentiation, TNM stage, lymph node metastasis, and the expression status of ER, PR, and HER2. We found that TRX was associated with ER, PR, and HER2 expression and breast cancer subtypes. Both AR and cyclin D1 were related to TNM stage, lymph node metastasis, the expression of ER and PR, and breast cancer subtypes.
TRX was located in both the cytoplasm and the nucleus to protect cells from oxidative stress. In the nucleus, TRX plays an important role in ensuring proper DNA synthesis and transcription. Cytoplasmic TRXs may act as a reservoir for nuclear TRX. 26 Therefore, both the nuclear and 
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huang et al cytoplasmic expression of TRX was considered positive in this assay. Although some previous studies indicated that TRX can accelerate colony formation of breast cancer cells and the knockdown of TRX resulted in significant cell-cycle arrest at the G 1 phase, other studies suggest that TRX may act as a suppressor of cell proliferation by accelerating the transcription of ER and p53 with the subsequent induction of Ps-2 and p21 expression. 8, 26, 29 In this study, TRX expression showed no relationship with tumor size or TNM stage, which indicated that TRX may play a complex role in breast cancer growth. Despite the close relationship between TRX and the ER signaling pathway, some studies have found no correlation between TRX and ER expression. 26 However, in this assay, we found that TRX expression was not only related to ER and PR expression but also to HER2 expression. TRX tends to be co-expressed with ER and PR, indicating that TRX may activate ER-and ERα-mediated gene expression. In addition, major HER2-negative patients were TRXpositive. As far as we know, no report has elucidated the relationship between TRX and HER2 and further study is needed. Most of the luminal A, luminal B, and HER2 patients were TRX-positive while all basal-like patients were TRXnegative in this study. Considering the poorer prognosis of the basal-like subtype, TRX may be a good prognostic factor for breast cancer.
Despite the fact that AR is expressed in the majority of breast cancer tissues, its role in tumor biology and growth remains largely unclear. 11 Numerous studies have investigated the prognostic value of AR expression in breast cancer. In ERα-positive breast cancers, AR is correlated with small tumor size (2 cm), reduced lymph node metastasis, lower grade, and a better prognosis for the time to relapse. 16, 30, 31 
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However, in triple-negative breast cancer, the prognostic value of AR remains unclear. For example, one study found that AR expression was correlated with higher tumor stage and more metastatic lymph nodes. 32 In contrast, a previous study found that AR expression in triple-negative breast cancer patients indicated fewer metastatic lymph nodes and longer overall survival. 33 Another study did not detect any significant relationship between AR expression and relapsefree survival. 34 In our study, AR status was correlated with lower TNM stage and fewer metastatic lymph nodes in breast cancer. This result was in accordance with previous studies in ER-positive breast cancer. This may be because the majority of the patients (80.20%) included in our study were ER-positive. We also detected the co-expression of AR and ER/PR, which further supported the view that AR can increase ER transcriptional activity. 35 In line with previous studies, we also found a higher AR-positive ratio in ER-positive breast cancer than in basal-like patients. 32, 36 Cyclin D1 is one of the most important target genes that mediates the proliferation of breast cancer cells, which can regulate cells in the proliferative stage of the cell cycle. 37 Cyclin D1 interacts with CDK4 and CDK6, leading to phosphorylation and thereby inactivating the Rb-protein and its G 1 -maintaining function, culminating in the expression of proliferation-associated target genes. 38 Cyclin D1 is also a downstream target of the growth factor and ER signaling pathway and has been identified as a potential marker for breast cancer progression and endocrine responsiveness. 39 It is overexpressed in more than half of all primary breast cancers, indicating that it may play an important role in tumor development. 21 A Previous study found that cyclin D1 may be a good prognostic factor in ERα-positive breast cancers; however, evidence proved that high expression of cyclin D1 leads to resistance to endocrine therapy. In our study, the positive expression of cyclin D1 was correlated with lower TNM stage and fewer metastatic lymph nodes, suggesting that it may be a good prognostic factor. Cyclin D1 expression was associated with ER positivity, consistent with previous studies. 40 Similar to AR, a higher cyclin D1-positive ratio was also found in ER-positive breast cancer than in basallike patients.
Conclusion
In conclusion, in the current study, TRX was found to be positively correlated with ER and PR expression and negatively correlated with HER2 expression. In addition, we found that the positive expression of AR and cyclin D1 was correlated with lower TNM stage and fewer metastatic lymph nodes and was more common in ER-positive breast cancer than in the basal-like subtype. This may indicate that AR and cyclin D1 were good predictive and prognostic factors and interacted closely with the ER signaling pathway. Further studies will be necessary to investigate the response and clinical outcomes of treatment targeting TRX, AR, and cyclin D1.
